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©  Fire  control  system  for  a  vehicle  or  vessel  (1111111). 

@  In  a  fire  control  system  for  a  vehicle  or  vessel  a  data 
processor  (21)  connected  to  the  target  tracking  unit  (7) 
determines,  in  a  first  coordinate  system  coupled  to  said  unit 
(7),  angular  error  data  about  a  target  position  for  aligning  (12, 
13)  the  tracking  unit  (7)  with  the  target  position.  A  fire  control 
computer  (22)  is  incorporated  for: 
a.  determining  (24  matrix  (H)  elements  concerning  the 

transformation  from  the  first  coordinate  system  to  a 
second  fixed  horizontal  coordinate  system,  using  data 
about  relative  angular  positions  between  the  tracking 
unit  (7),  the  vehicle  or  vessel  and  a  turret  mounted 
thereon,  and  using  data  from  reference  orientation 
means  (18,  19,  20)  about  the  angular  positions  in  said 
second  coordinate  system; 

b.  converting  (26)  the  angular  error  data  into  target  posi- 
tions  in  said  second  coordinate  system; 

c.  changing  (23)  said  target  positions  to  gun  aiming  data; 
and 

d.  transforming  (27)  the  latter  data  to  a  third  coordinate 
system  coupled  to  the  vehicle  or  vessel. 



The  i n v e n t i o n   r e l a t e s   to  a  f i r e   con t ro l   system  for  a 

veh ic le   or  v e s s e l ,   which  f i r e   con t ro l   system  is  provided  w i t h :  

-  a  t u r r e t   and  g u n ;  

-  a  t a r g e t   t r a c k i n g   u n i t ;  

-  a   data  p rocessor   connected  to  the  t a r g e t   t r a c k i n g   unit   f o r  

de t e rmin ing ,   in  a  f i r s t   coord ina te   system  coupled  to  t h e  

t a r g e t   t r a c k i n g   un i t ,   angular   ( e r ro r )   data  about  the  p o s i t i o n  

of  the  t a r g e t   being  t r a c k e d ;  

-  a   servo  c o n t r o l   uni t   connected  to  the  data  p rocesso r   f o r  

a l i gn ing   the  t a r g e t   t r ack ing   unit  with  the  t a r g e t   p o s i t i o n   by 

means  of  the  angular   e r ro r   data  suppl ied ;   and 

-  a   f i r e   con t ro l   computer  for  de te rmin ing ,   from  a  s e r i e s   o f  

success ive   p o s i t i o n s   of  the  t a r g e t   t r ack ing   uni t   and  t a r g e t  

range  v a l u e s ,  a s s o c i a t e d   t a r g e t   p o s i t i o n s   in  a  second,  f i x e d  

h o r i z o n t a l   c o o r d i n a t e   system,  and  for  g e n e r a t i n g ,   from  s a i d  

t a r g e t   p o s i t i o n s ,   gun  aiming  data  for  t r a n s m i s s i o n   to  the  t u r r e t  

and  gun.  

Such  a  f i r e   con t ro l   sys tem fo r   a  veh ic le   or  vesse l   i s  

widely  known. 

With  a  combat  vehic le   f i t t e d   with  a  s p r i n g - s u s p e n d e d  

chass i s   on  pneumatic  ty res   and  with  the  abovementioned  f i r e   c o n t r o l  

system,  it  is  customary  to  stop  the  vehic le   when  e n t e r i n g   t h e  

aiming  phase  of  the  gun  and  to  give  the  vehic le   a  s t ab le   p o s i t i o n  

by  means  of  c o l l a p s i b l e   l e v e l l i n g   jacks.   This  ensures   tha t   w i t h  

a  burs t   of  f i r e   the  p o s i t i o n   of  the  combat  veh ic le   wi l l   not  be 

sub jec t   to  change  through  the  gun  r e c o i l .   The  use  of  these  l e v e l l i n g  

jacks  for  such  a  veh ic le   could  of  course  be  d ispensed  with  if  on ly  

one  s ingle   round  need  be  f i r e d .   Furthermore,   a  heavy  combat  v e h i c l e ,  
such  as  a  tank,  need  not  be  f i t t e d   with  l e v e l l i n g   jacks  s i n c e ,  
due  to  the  large  mass  of  the  veh ic le ,   the  r e c o i l   of  the  gun  when 

f i red   has  no  a p p r e c i a b l e   e f f e c t   on  the  p o s i t i o n   of  th i s   v e h i c l e .  

The  adjustment   of  l e v e l l i n g   jacks  for  a  combat  veh ic le   f i t t e d   w i t h  

a  sp r ing-suspended   chas s i s   on  pneumatic  typres   and  with  the  above-  

mentioned  f i re   con t ro l   system  is  however  t ime-consuming,   and  hence 

a  d isadvantage   of  such  a  combat  v e h i c l e .  



The  p r e s e n t   i n v e n t i o n   has  for  i t s   ob jec t   to  obvia te   t h e  

d i s a d v a n t a g e   with  the  use  of  the  above  f i r e   c o n t r o l   system  for  a  

v e h i c l e   f i t t e d   with  a  s p r i n g - s u s p e n d e d   cha s s i s   on  pneumatic  t y r e s  

or  for  a  r o l l i n g   v e s s e l .  

According  to  the  i n v e n t i o n ,   in  a  f i r e   c o n t r o l   system  o f  

the  type  set   f o r t h   in  the  opening  paragraph  the  f i r e   c o n t r o l  

computer  compr ises   a  ( f i r s t )   c o o r d i n a t e   convers ion   uni t   f o r  

d e t e r m i n i n g   the  e lements   of  the  t r a n s f o r m a t i o n   matrix  (H)  a s s o c i a t e d  

with  the  t r a n s f o r m a t i o n   from  the  f i r s t   c o o r d i n a t e  s y s t e m   to  t h e  

second  c o o r d i n a t e   system,  us ing  supp l i ed   data  concerning   t h e  

r e l a t i v e   angular   p o s i t i o n s   measured  at  the  axes  of  r o t a t i o n  

between  the  t a r g e t   t r a c k i n g   u n i t ,   the  t u r r e t ,   and  the  veh ic le   o r  

v e s s e l ,   and  using  data  supp l i ed   by  r e f e r e n c e   o r i e n t a t i o n   means 

and  conce rn ing   the  angular   p o s i t i o n s   with  r e s p e c t   to  the  t i l t   o f  

the  v e h i c l e   or  ve s se l   in  the  second  c o o r d i n a t e   system,  and  f o r  

c o n v e r t i n g   the  angu la r   e r r o r   data  obta ined  from  the  data  p r o c e s s o r  

in  the  f i r s t   c o o r d i n a t e   system  into  t a r g e t   p o s i t i o n s   in  the  second  

c o o r d i n a t e   system,  using  the  e lements   of  said  t r a n s f o r m a t i o n  

mat r ix ,   which  f i r e   c o n t r o l   computer  f u r t h e r   comprises  a  ( s e c o n d )  

c o o r d i n a t e   conver s ion   uni t   for  t r a n s f o r m i n g ,   on  the  bas is   of  t h e  

data  supp l i ed   by  said  r e f e r e n c e   o r i e n t a t i o n   means,  the  gun  a i m i n g  

data  de termined   in  the  second  c o o r d i n a t e   system  to  a  t h i rd   c o o r d i n a t e  

system  coupled  to  the  v e h i c l e   or  v e s s e l .  

A  f a v o u r a b l e . e m b o d i m e n t   of  a  f i r e   con t ro l   s y s t e m , a c c o r d i n g  

to  the  i n v e n t i o n ,   for   a  v e h i c l e   f i t t e d   with  a  s p r i n g - s u s p e n d e d  

c h a s s i s   or  a  vesse l   s u b j e c t   to  r o l l ,   p i tch   and  yaw  motions  i s  

ob ta ined   by  t r a n f o r m i n g   the  gun  aiming  data  determined  in  t h e  

second  c o o r d i n a t e   system  f i r s t   to  the  f i r s t   coord ina te   s y s t e m ,  

using  matr ix   H*,  where  H* =H-1,  being  the  inverse   of  matrix  H, 

and  by  t r a n s f o r m i n g   the  gun  aiming  data  determined  in  the  f i r s t  

c o o r d i n a t e   system  to  the  t h i r d   c o o r d i n a t e   system  on  the  bas is   o f  

the  data  concern ing   the  angula r   p o s i t i o n s   at  the  axes  of  r o t a t i o n  

between  the  t a r g e t   t r a c k i n g   u n i t ,   the  t u r r e t ,   and  the  veh ic l e   o r  

v e s s e l .  



The  i nven t ion   wil l   now  be  desc r ibed   with  r e f e r e n c e   t o  

the  accompanying  f i g u r e s ,   of  which:  

Fig.  1  is  a  schematic  r e p r e s e n t a t i o n   of  a  veh ic le   f i t t e d  

with  a  f i r e   c o n t r o l   sy s t em;  

Fig.  2  is  a  block  diagram  of  a  f i r e   con t ro l   s y s t e m ,  

accord ing   to  the  i n v e n t i o n ,   for  a  veh ic le   or  vesse l ;   and 

Figs .   3  and  4  are  o r thogona l   coo rd ina t e   systems  c o n t a i n i n g  

t r a n s f o r m a t i o n s   to  be  e f f e c t e d .  

Fig.  1  shows  a  t h r e e - a x l e   combat  vehic le   1,  provided  w i t h  

a  t u r r e t   2  and  gun  3.  Vehicle  1  is  cons idered   to  be  f i t t e d   w i t h  

a  s p r i n g - s u s p e n d e d   chass i s   on  pneumatic  t y r e s .   The  t u r r e t   2  i s  

r o t a t a b l e   about  an  axis  4,  which  is  p e r p e n d i c u l a r   to  the  roof  5 

of  veh ic le   1.  The  gun  3  is  movable  in  e l e v a t i o n   about  an  axis  6 

in  the  t u r r e t   2;  axis  6  is  o r i en ted   p a r a l l e l   to  the  roof  5 .  

Mounted  on  the  t u r r e t   2  is  a  t a r g e t   t r a c k i n g   unit   7  for  t r a c k i n g  

a  t a r g e t   in  range  and  in  angles .   The  t a r g e t   t r ack ing   unit   7  may 
c o n s i s t   of  a  r adar   t r ack ing   appa ra tus ,   a  l a s e r   range  d e t e c t o r ,   an 

i n f r a r e d   t r a c k i n g   un i t ,   a  TV  t r ack ing   unit   or  o p t i c a l   d e t e c t i o n  

means  ( p e r i s c o p e ,   b i n o c u l a r ) ,   as  well  as  combinat ions   t h e r e o f .  

The  t a r g e t   t r a c k i n g   unit  7  is  b i a x i a l l y   connected  with  the  t u r r e t   2 ,  

one  axis  8  being  o r ien ted   p a r a l l e l   to  or  c o a x i a l l y   with  axis  4  on 

the  t u r r e t   2  and  the  other  axis  9  p a r a l l e l   to  the  roof  5 .  

The  r e l a t i v e   motion  of  the  t u r r e t   2  with  r e spec t   to  the  veh ic le   1 

(about  axis  4),  the  gun  3  with  r e spec t   to  the  t u r r e t   2  ( a b o u t  

axis  6),  and  the  t a r g e t   t r ack ing   unit   7  with  r e spec t   to  t h e  

t u r r e t   2  (about  axes  8  and  9),  is  achieved  by  servo  con t ro l   u n i t s  

10,  11,  12  and  13,  r e s p e c t i v e l y ,   shown  s c h e m a t i c a l l y   in  Fig.  1.  

The  angular   r o t a t i o n s   of  the  t u r r e t   2  with  respec t   to  the  veh ic le   1 

(about  axis  4),  the  gun  3  with  respec t   to  the  t u r r e t   2  ( a b o u t  

axis  6),  and  the  t a r g e t   t rack ing   unit  7  with  respec t   to  t h e  

t u r r e t   2  (about  axes  8  and  9)  are  measured  by  angle  data  t r a n s -  

m i t t e r s   14,  15,  16  and  17,  r e s p e c t i v e l y ,   shown  s c h e m a t i c a l l y   i n  

Fig.  1,  which  t r a n s m i t t e r s   may  be  synchros ,   d i g i t a l   angle  d a t a  

t r a n s m i t t e r s ,   e t c .  

The  vehic le   1  is  f u r t he r   provided  with  r e f e r e n c e  

o r i e n t a t i o n   means  for  obta in ing   t i m e - r e l i a b l e   data  about  t h e  



o r i e n t a t i o n   of  the  veh ic l e   with  r e spec t   to  a  f ixed  h o r i z o n t a l  

(second)  coo rd ina t e   system;  the  r e f e r ence   o r i e n t a t i o n   means 

may  c o n s i s t   of  a  t h r e e - a x i s ,   v e r t i c a l   gyroscope  18  and/or   r a t e  

gyroscopes   19  and  20,  shown  s c h e m a t i c a l l y .   The  ra te   g y r o s c o p e s  
19  and  20  are  mounted  on  the  axes  8  and  9  and  f u r n i s h   data  a b o u t  

the  angula r   v e l o c i t i e s   of  the  ra te   gyroscopes  r e l a t i v e   to  t h e  

f ixed  h o r i z o n t a l   p lane .   Af ter   f r a c t i o n a l   i n t e g r a t i o n   and  a f t e r  

c o r r e c t i o n   for  the  i n i t i a l   values   of  the  t i l t   of  t a r g e t   t r a c k i n g  

uni t   7,  as  determined  by  gyroscope  18,  the  r e s u l t s   obtained  from 

the  measurements  of  these   angular   v e l o c i t i e s   y ie ld   the  i n s t a n t a n e -  

ous  t i l t   angles  of  a  plane  def ined  by  axis  9  and  the  l ine  of  s i g h t  

of  the  t a r g e t   t r a c k i n g   uni t   7,  which  t i l t   angles  are  r e l a t i v e   t o  

the  f ixed  h o r i z o n t a l   p lane .   I t   should  be  noted  tha t   axis  9  may 
be  t i l t e d   at  an  angle  to  the  base  plane  of  the  second  c o o r d i n a t e  

system  through  the  combat  veh i c l e   being  located   on  h i l l y   ground 

and/or   through  the  r e c o i l   of  the  gun  3.  The  r equ i red   i n i t i a l  

values   of  the  t i l t   may  be_fu rn i shed   s e p a r a t e l y ,   for  i n s t a n c e ,   by 

gyroscope  18.  lYith  such  a  ( j o i n t )   ope ra t ion   of  gyroscope  18  and 

ra te   gyroscopes   19  and  20  i t   s u f f i c e s   to  use  a  coarse ,   s i n g l e - a x i s  

gyroscope  18  and  accura te   r a t e   gyroscopes  19  and  20.  In  t h e  

absence  of  ra te   gyroscopes  19  and  20,  the  gyroscope  18  should  be 

m u l t i - a x i a l   and  should  provide  accura te   measuring  r e s u l t s .  

Fig.  2  is  a  block  diagram  of  a  f i r e   con t ro l   sys tem 

for  the  combat  vehic le   1  of  Fig.  1.  The  f i r e   con t ro l   sys tem 
con ta in s   a  data  p rocessor   21,  which  is  fed  with  angle  and  r ange  
data  from  the  t a r g e t   t r a c k i n g   unit   7.  During  t a r g e t   t r a c k i n g  

the  data  p rocessor   21  f u r n i s h e s   data  about  the  angular   d e v i a t i o n  

between  the  l ine  of  s igh t   of  the  t a r g e t   t r ack ing   unit   7  and  t h e  

t a r g e t   l ine   of  s igh t ,   and  hence  t a r g e t   p o s i t i o n a l   values  in  a 
f i r s t   coo rd ina t e   system  coupled  to  the  t a r g e t   t r a c k i n g   unit  7  and 

o r i en t ed   p e r p e n d i c u l a r l y   to  the  l ine  of  s igh t   of  th is   un i t .   In  a 
f i r e   c o n t r o l   computer  22  the  t a r g e t   p o s i t i o n a l   values  are  c o n v e r t e d  

to  a  second,  f ixed  h o r i z o n t a l   coord ina te   system  to  generate   t h e r e -  

out  the  t a r g e t   t rack  by  means  of  an  a iming-po in t   genera to r   23  and,  

hence,  to  c a l c u l a t e   aiming  values  for  the  gun  3.  The  f i r e   c o n t r o l  

computer  22  t h e r e t o   comprises   a  f i r s t   coord ina te   convers ion   unit  24,  



con ta in ing   means  25  for  e s t a b l i s h i n g   the  elements  of  the  matrix  (H) 

a s s o c i a t e d   with  the  t r a n s f o r m a t i o n   of  the  f i r s t   coord ina te   s y s t e m  

coupled  to  the  t a r g e t   t r ack ing   unit   7  to  the  second  c o o r d i n a t e  

sys t em, 'wh ich   means  25  is  suppl ied   with  the  data  from  the  a n g l e  

data  t r a n s m i t t e r s   14-17  and  the  r e f e r e n c e   o r i e n t a t i o n   means  18,  19 

and  20.  For  the  t r a n s f o r m a t i o n   (H)  of  a  t a r g e t   pos i t i on   (z)  f rom 

the  t a r g e t   t r a c k i n g   unit   7  to  the  second  h o r i z o n t a l   c o o r d i n a t e  

system  the  f i r s t   coo rd ina t e   convers ion   unit   24  fu r the r   c o n t a i n s  

another  t r a n s f o r m a t i o n   unit   26  to  provide  H(z)  as  the  t a r g e t  

p o s i t i o n   in  the  second  coo rd ina t e   system.  On  the  basis   of  a  s e r i e s  

of  t a r g e t   p o s i t i o n s   thus  obtained  (in  the  second  coord ina te   s y s t e m )  

and  an  a s s o c i a t e d   s e r i e s   of  t a r g e t   range  values  obtained  from 

data  p rocessor   21,  the  a iming-po in t   gene ra to r   23  is  capable  o f  

gene ra t i ng   the  t a r g e t   t rack  and  c a l c u l a t i n g   aiming  values  with  t h e  

aid  of  a d d i t i o n a l l y   suppl ied   data  about  b a l l i s t i c   c o r r e c t i o n s   t o  

be  made and  the  data  from  rate   gyroscope  18  about  the  g r a v i t a t i o n a l  

d i r e c t i o n .  

Since  the  gun  3  is  always  aimed  r e l a t i v e   to  the  veh ic le   1, 

the  aiming  data  must  be  t ransformed  from  the  second  c o o r d i n a t e  

system  to  a  t h i rd   coord ina te   system  coupled  to  the  vehic le   1. 

To  carry  out  such  a  t r a n s f o r m a t i o n   V,  the  f i r e   cont ro l   computer  22 

comprises  a  t r a n s f o r m a t i o n   unit   27,  using  a  matrix  whose  e l e m e n t s  

are  c a l c u l a b l e   with  the  aid  of  the  data  supplied  by  the  r e f e r e n c e  

o r i e n t a t i o n   means  18,  19  and  20.  A  favourab le   embodiment  of  such  

a  t r a n s f o r m a t i o n   unit   27  comprises:   a  unit   28  for  t r a n s f o r m i n g  
the  aiming  values  from  the  second  coord ina te   system  to  the  f i r s t  

coord ina te   system  coupled  to  the  t a r g e t   t r ack ing   unit  7;  a  uni t   29 

for  t r ans fo rming   the  aiming  values  obtained  from  unit  28  in  t h e  

f i r s t   coord ina te   sys tem to   a  coord ina te   system  coupled  to  t h e  

t u r r e t   2;  and  a  unit   30  for  t r ans fo rming   the  aiming  values  o b t a i n e d  

from  unit   29  to  the  th i rd   coord ina te   system  coupled  to  the  veh ic le   1. 

The  t r a n s f o r m a t i o n   in  unit  28  is  r e a l i s e d   by  elements  of  a  m a t r i x  

HJi,  where  H* = H-1,  being  the  inverse   of  matrix  H,  while  the  t r a n s -  

formation  in  un i t s   29  and  30  c o n s i s t s   in  c o r r e c t i n g   the  s u p p l i e d  

aiming  values  obtained  from  the  angular  values  of  the  angle  d a t a  

t r a n s m i t t e r s .   The  aiming  values  thus  obtained  are  supplied  t o  



servo  c o n t r o l   un i t s   10  and  11. 

Servo  c o n t r o l   unit   13  coupled  to  axis  9  is  c o n t r o l l e d  

with  the  angular   e r ro r   data  of  data  p roces so r   21  measured  a l o n g  

the  c o o r d i n a t e   axis  of  the  f i r s t   c o o r d i n a t e   system  which  i s  

p e r p e n d i c u l a r   to  axis  9.  Rota t ion   of  t u r r e t   2  about  axis  4  a l s o  

changes  the  p o s i t i o n   of  the  s p a t i a l   aiming  point   of  t a r g e t  

t r a c k i n g   uni t   7;  to  obta in   a  true  t r a c k i n g   motion  of  t r a c k i n g  

unit   7,  any  i n t e r f e r e n c e s   in  the  t r a c k i n g   motion  of  t a r g e t  

t r a c k i n g   uni t   7,  due  to  r o t a t i o n   o f  t u r r e t   2,  must  be  compensa ted .  

To  th i s   e f f e c t   the  servo  con t ro l   uni t   12  ac t ing   about  axis  8 

r e c e i v e s   the  angular   data  from  angle  data  t r a n s m i t t e r   14,  i n  

a d d i t i o n   to  the  angular   e r ror   data  supp l ied   by  data  p rocessor   21 

and  measured  along  the  coord ina te   axis  of  the  f i r s t   c o o r d i n a t e  

system  which  is  p a r a l l e l   to  axis  9.  If  t a r g e t   t r a c k i n g . u n i t   7  were 

r o t a t a b l y   mounted  on  the  gun  3,  the  servo  con t ro l   unit  13  would 

have  to  be  supp l ied   with  the  angular   data  from  angle  data  t r a n s -  

mi t t e r   15,  as  w e l l - a s  w i t h   the  angular   e r ro r   data  from  d a t a  

p rocessor   21 .  

The  above-desc r ibed   f i r e   c o n t r o l   system  is  a l s o  

a p p l i c a b l e   to  r o l l i n g   v e s s e l s ,   where  the  t r a n s f o r m a t i o n   of  t h e  

t a r g e t   c o o r d i n a t e s   to  the  second  coo rd ina t e   system  according  t o  

matrix  H  must  be  an  answer  to  the  r o l l ,   p i tch   and  yaw  motions  o f  

the  v e s s e l .  

If  the  t a r g e t   t r ack ing   unit   7  is  d i r e c t l y   and  r o t a t a b l y  
mounted  on  the  roof  5  of  the  veh ic l e ,   the  un i t s   29  and  30  a r e  
of  a  combined  d e s i g n .  

React ion  forces   exerted  on  the  vehic le   or  vessel   due 

to  burs t s   of  f i r e   are  measured  in  the  t a r g e t   t r ack ing   unit   7  and 

in  the  r e f e r e n c e   o r i e n t a t i o n   means  18  and/or   19,  20.  Under  t h e s e  

c o n d i t i o n s ,   the  angular  data  from  data  p rocessor   21,  as  w e l l  

as  the  e lements   of  matrix  H  c o n s t i t u t e d   by  means  25,  are  s u b j e c t  
to  change,  such  tha t   the  r e s u l t   of  t r a n s f o r m a t i o n   unit   26,  i . e .  

H(z),  r e p r e s e n t s   the  true  t a r g e t   motion,  undis turbed   by  the  gun 
r e c o i l .   Also  the  rocking  motions  of  the  combat  vehic le   d r i v i n g  

on  h i l l y   ground  or  the  r o l l i n g   motions  of  a  ship  have  no  i n f l u e n c e  

on  the  t a r g e t   p o s i t i o n   N(z)  produced.  The  t a r g e t   data  t r a n s f o r m a t i o n  



in  the  f i r s t   coo rd ina t e   system,  coupled  to  t a r g e t   t r a c k i n g   unit   7 ,  

on  the  basis   of  the  p o s i t i o n   of  t a r g e t   t r a c k i n g   uni t   7  in  t h e  

fixed  h o r i z o n t a l   system,  thus  provides   true  t a r g e t   data  in  t h e  

h o r i z o n t a l   coo rd ina t e   system,  which  does  not  show  any  dependency  

on  the  t a r g e t   t r a c k i n g   unit  7  sub jec ted   to  m o t i o n .  

A  cond i t ion   for  proper  working  of  the  above  f i r e   c o n t r o l  

system  is  however  tha t   the  p rocess ing   of  the  t a r g e t   m o t i o n ,  

varying  as  a  consequence  of  the  vehic le   or  vesse l   motions,   a s  

performed  by  the  t a r g e t   t r ack ing   unit   7  and  data  p rocesso r   21,  

be  in  synchronism  with  the  p rocess ing   of  the  a s s o c i a t e d   data  from 

the  r e f e rence   o r i e n t a t i o n   means  (18  and/or  19,  20)  and  a n g l e  

data  t r a n s m i t t e r s   14-17,  as  performed  by  means  25.  This  p r o c e s s i n g  

ra te   should  be  s u f f i c i e n t l y   large  to  permit  any  c o r r e c t i o n s   to  be 

made  to  the  measured  t a r g e t   p o s i t i o n s   during  a  burs t   of  f i r e   on 

account  of  the  gun  r e c o i l ,   in  order  to  p o s i t i o n   the  gun  3  i n  

accordance  with  the  aiming  values  ( s t i l l   sub jec t   to  v a r i a t i o n s   a t  

tha t   t ime)dur ing   th i s   b u r s t .  

The  form  of  matrix  H  may  be  obtained  as  f o l l o w s :  

Fig.  3  shows  the  or thogonal   f i r s t   coord ina te   system  coupled  t o  

the  t a rge t   t r ack ing   unit   7,  to  be  ro ta ted   through  an  a n g l e  ϕ  
about  an  a x i s  e   to  obta in   the  f ixed,   h o r i z o n t a l ,   second  c o o r d i n a t e  

system.  In  the  X,  Y  and  Z  d i r e c t i o n s   the  r e fe rence   o r i e n t a t i o n  

means  measure  the  r e s u l t s   E,  Q  and  8,  where  the  r o t a t i o n   vector  e  

is  de f ined .   The  d i r e c t i o n   cosines  of  r o t a t i o n   vector   e   a r e :  

Ins tead  of  r o t a t i n g  t h e   coord ina te   axes  X,  Y  and  Z,  it  is  p o s s i b l e  

to  r o t a t e   an  random  vector  r  through  an  angle  ϕ   about  the  axis  e .  
To  th is   e f f e c t ,   allow  a  plane  to  cut  v e c t o r  r   at  point   P  and  t o  

pass  a x i s  e   at  r igh t   angles .   In  th is   plane  two  mutual ly  p e r p e n d i c u -  

lar  unit  v e c t o r s  a   and  a r e   chosen,  vector   a  lying  along  the  l i n e  

0'P,  where  0'  is  the  point  of  i n t e r s e c t i o n   of  th is   plane  w i th  

vector  e.  The  two  unit  v e c t o r s  a   and  b  may  be  expressed  by: 

and 



The  vector   q  obtained  a f t e r   r o t a t i o n   through  angle  ϕ   is  given  by: 

where :  

The  matrix  H  to  t ransform    to  q  wil l   be :  

12(1-cos ϕ)  +  cos ϕ  ml(1-cosϕ )  -   n .s inϕ   n l (1-cosϕ )   +  m . s inϕ  

H  =  ml(1-cosϕ)   +  n .s inϕ   m2(1-cosϕ) +  cosϕ  mn(1-cosϕ ) -   1 . s i nϕ  

n l (1 - cosϕ )  -   m.sinϕ  mn(1-cosϕ)  +  1 .s inϕ   n2(1-cosϕ)  + cosϕ  

Since  the  r o t a t i o n   angle  ϕ  may  usual ly   be  considered  small ,   cosϕ  
and  sinϕ  may  be  approximated  by  1-ϕ2  and  ϕ,  r e s p e c t i v e l y .  

After  s u b s t i t u t i o n   of  1,  m  and  n  for  t he i r   e q u i v a l e n t   e x p r e s s i o n s ,  

the  matrix  H  obtained  i s :  



1.  Fire  con t ro l   system  for  a  veh ic le   or  v e s s e l ,   which  f i r e  

c o n t r o l   system  is  provided  w i t h :  

-  a  t u r r e t   and  gun;  

-  a  t a r g e t   t r a c k i n g   u n i t ;  

-  a  data  p roces so r   connected  to  the  t a r g e t   t r a c k i n g   unit   f o r  

d e t e r m i n i n g ,   in  a  f i r s t   c o o r d i n a t e   system  coupled  to  the  t a r g e t  

t r ack ing   un i t ,   angular   ( e r r o r )   data  about  the  p o s i t i o n   of  t h e  

t a r g e t   being  t r a c k e d ;  

-  a  servo  con t ro l   unit   connected  to  the  data  p rocesso r   f o r  

a l i g n i n g   the  t a r g e t   t r a c k i n g   uni t   with  the  t a r g e t   p o s i t i o n   by 

means  of  the  angular   e r ro r   data  to  be  supp l i ed ;   and 

-  a  f i r e   con t ro l   computer  for  d e t e r m i n i n g ,   from  a  s e r i e s   o f  

succes s ive   p o s i t i o n s   of  the  t a r g e t   t r ack ing   unit   and  t a r g e t  

range  va lues ,   a s s o c i a t e d   t a r g e t   p o s i t i o n s   in  a  second,  f i x e d  

h o r i z o n t a l   c o o r d i n a t e   system,  and  for  g e n e r a t i n g ,   from  s a i d  

t a r g e t   p o s i t i o n s ,   gun  aiming  data  for  t r a n s m i s s i o n   to  t h e  

t u r r e t   and  gun,  
c h a r a c t e r i s e d   in  that   the  f i r e   c o n t r o l   computer  comprises   a 

( f i r s t )   c o o r d i n a t e   conver s ion   unit   for  de te rmin ing   the  e l e m e n t s  

of  the  t r a n s f o r m a t i o n   matrix  (H)  a s s o c i a t e d   with  the  t r a n s f o r m a -  

t ion  from  the  f i r s t   c o o r d i n a t e   system  to  the  second  c o o r d i n a t e  

system,  using  suppl ied   data  concerning   the  r e l a t i v e   a n g u l a r  

p o s i t i o n s   measured  at  the  axes  of  r o t a t i o n   between  the  t a r g e t  

t r ack ing   uni t  ,   the  t u r r e t ,   and  the  veh ic le   or  v e s s e l ,   and  u s i n g  

data  suppl ied   by  r e f e r ence   o r i e n t a t i o n   means  and  concern ing   t h e  

angular   p o s i t i o n s   with  r e spec t   to  the  t i l t   of  the  veh ic le   o r  

vesse l   in  the  second  c o o r d i n a t e   system,  and  for  c o n v e r t i n g   t he  

angular   e r ro r   data  obtained  from  the  data  p rocesso r   in  the  f i r s t  

c o o r d i n a t e   system  into  t a r g e t   p o s i t i o n s   in  the  second  c o o r d i n a t e  

system,  using  the  e lements   of  said  t r a n s f o r m a t i o n   mat r ix ,   which 

f i re   con t ro l   computer  f u r t h e r   comprises   a  (second)  c o o r d i n a t e  

convers ion   unit   for  t r a n s f o r m i n g ,   on  the  basis   of  the  data  s u p p l i e d  

by  said  r e f e r ence   o r i e n t a t i o n   means,  the  gun  aiming  data  d e t e r m i n e d  

in  the  second  c o o r d i n a t e   system  to  a  th i rd   c o o r d i n a t e   sy s t em 

coupled  to  the  veh ic le   or  v e s s e l .  



2.  Fire  c o n t r o l   system  for  a  vehic le   or  vesse l   as  c l a imed  

in  claim  1,  c h a r a c t e r i s e d   in  tha t   the  t r a n s f o r m a t i o n   matrix  H 

is  based  on  the  matrix  a p p l i c a b l e   to  a  coo rd ina t e   t r a n s f o r m a t i o n  

of  an  o r thogona l   coo rd ina t e   system  (X,  Y,  Z) :  

where 

while  E,  Q  and  B  r e p r e s e n t   the  measured  r o t a t i o n   values  on  t h e  

X,  Y  and  Z  axes,  r e s p e c t i v e l y .  

3.  Fire  con t ro l   system  for  a  vehic le   or  vesse l   as  c l a imed  

in  claim  2,  c h a r a c t e r i s e d   in  tha t   the  matrix  H  is  of  the  form:  

4.  Fire  con t ro l   system  for  a  vehic le   or  vesse l   as  c l a imed  

in  claim  1,  c h a r a c t e r i s e d   in  tha t   in  the  second  c o o r d i n a t e  

convers ion   unit   the  suppl ied  gun  aiming  data  is  t ransformed  t o  

the  f i r s t   coo rd ina t e   system  coupled  to  the  t a r g e t   t r ack ing   u n i t ,  

using  the  matrix  H*,  where  H* = H-1,  being  the  inverse   of  matrix  H, 
and  t h a t ,   s ubsequen t l y ,   the  gun  aiming  data  determined  in  t h e  

f i r s t   coo rd ina t e   system  is  t ransformed  to  the  th i rd   c o o r d i n a t e  

system,  using  the  data  concerning  the  angular   p o s i t i o n s   measured 

at  the  axes  of  r o t a t i o n   between  the  t a r g e t   t r ack ing   uni t ,   t h e  

t u r r e t ,   and  the  veh ic le   or  v e s s e l .  
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